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Previously, we reported evidence suggesting that, in 
addition to tyrosinase, glutathione-reductase plays an 
important role in the regulation and control of the bio-
synthetic activity ofmelanocytes. Further investigations 
were performed on a mammal presenting a well-defined 
genotype for coat pigmentation, the mutant mouse [sub-
line C57 BL (6J)], namely the nona go uti black (a/a) 
mutant and the yellow (Ay/a) mutant showing, respec-
tively, pure uniform eumelanin and phaeomelanin pig-
mentation. Analysis ofthiol compounds and glutathione-
related enzyme levels in mouse skin gave similar results 
to those found in tortoiseshell guinea pig skin. The ob-
served differences in the glutathione and glutathione-
related enzyme content between black and yellow (or 
red) skin provide evidence that the increase of glutathi-
one-reductase activity in the environment of the mela-
nocytes may stimulate the pigment cells to produce 
phaeomelanin instead of eumelanin pigment. 
The involvement of glutathione in many biologic processes is 
well established [1] but little attention has been given to the 
role of the two critical enzymes in the skin, glutathione reduc-
tase '(GR) and glutathione peroxidase (GP), which are involved 
in the control of the t issue sulfhydryl content. A few reports 
deal with GR activity in nor mal skin [2] or in human epidermal 
tumors [3). Halprin and Ohkawara [4,5] found that GR activity 
was lower in black skin than in white skin and concluded that 
this enzyme is definitely involved in ethnic pigmentation, Since 
then no one has investigated a possible con-elation between 
glutathione-related enzyme levels in the skin and the types of 
melanin pigment produced by melanocytes. 
We have previously reported that black skin of tortoise-shell 
guinea pig exhibits a lower reduced glutathione (GSH) level 
than yellow OI:.r ed skin, suggesting a key role of the enzyme GR 
in t he regu(ation and control of pigment cell metabolism by 
favoring th e formation of phaeomelanins [6]. 
In order to confirm the correlat ion between the GSH levels 
and the type of pigmentation, a detailed study of GR and GP 
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Abbreviations: 
DTNB: 5,5' -dithiobis-(2-nitrobel1zoic 'acid) 
GP: glu tathione peroxidase 
GR: glutathione reductase 
GSH: reduced glu tathione 
GSSG: oxidized glu tathione 
NADP: nicotinamide adenine dinucleotide phosphate 
NADPH: nicotinamide adenine dinucleotide phosphate, reduced 
form 
activities in guinea pig skin of different colors (black, yellow, 
red, white) as well in the skin of pure black (a/a) and yellow 
(Ay/a ) mice was carried out. 
MATERIALS AND METHODS 
Animals 
Two different models were studied: (1) tor toiseshell guinea pigs (E" / 
E'') showing a 3-colored coat as described previously [6], and (2) mouse 
C57 BL (6J) , both nonagouti (a/a ) showing a pure uniform eumelanin 
type pigmentation and yellow (Ay/a) mu tan t with a pure unifo rm 
phaeomelanin-type pigmentation. 
Light Microscopy and Electron Microscopy 
As previously described [6] the type of pigment in the skin of 
differen t colors was analyzed by the light microscopy solubili ty test [7] 
and electron microscopy [8]. 
TABLE I. Glutathione-related enzymatic activity levels in d ifferent 










0.76 ± 0.16 } 
0.49 ± 0.14 P < 0.05 
0.67 ± 0.12 
0.33 ± 0.08 } 
0.~4 ± 0.07 P < 0.10 
0.30 ± 0.09 
Glu tathione 
peroxidase 
1.15 ± 0.25 } 
1.22 ± 0.3] N.S. 
1.33 ± 0.32 
0.67 ± 0.20 } . 
0.88 ± 0.18 p < 0.10 








GR and GP are expressed in p.mol of GSH pel' min per g of fresh 
skin . 
N.S.: not significant. 
Tissu.e Preparation 
Guinea pigs and mice were killed by a blow on the head and then 
shaved. The skin was removed. Homogenization of tissue extract was 
performed as previously described [6]. 
Thiol As.says 
Total th iols and nonprotein thiols were measured using 5,5' -di-
thiobis-{2-nitrobenzoic ac id) (DTNB) reagent as described by E llman 
[9] and modified by Jocelyn [10]. 
Cysteine and Cystine Assays 
Cystine and cysteine were measured according to Gaitoncle [11] using 
acid ninhyd.rin reagent. 
Glutathione Assays 
Both GSH and oxidized glu tathione (GSSG) were measured by 
fluorometry according to Rissin and Hilf [12]. This technique, however, 
probably overestimates GSSG values [13]. 
Glu.tathione Reductase Assay 
GR was measured with spectrophotometer Uvikon according to 
Racker [14] and Lopez-Bill'ea and Lee (15]. In the presence of GSSG, 
GR activity was fo llowed by a decrease in absorbance at 340 nm due to 
the oxidation of nicotinamide adenine dinucleotide phosphate, reduced 
form (NADPH) to nicotinamide adenine dinucleotide phosphate 
(NAOP+). 
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T ABLE II. Thiol groups and g lutathione levels in the agouti mouse shin (blach mu.tant and yellow mutant) (14 animals) 
Color Total SH groups Nonprotein SH groups 
Yellow 2.14 ± 0.40 } 
P < 0.05 
1.88 ± 0.30 } 
P < 0.05 
Black 1.56 ± 0.27 1.16 ± 0.20 
Thiol groups, GSH, and GSSG are expressed in ~lmol/g of fresh skin. 
T ABLE Ill. Glutathione· related enzymatic activities in the agouti 
mouse shin (b lack mutant and yellow mutant) (J4 animal5) 
Color Glutathione Glutathione reductase peroxidase 
Yellow 0.84 ± 0.18 } 1.5 ± 0.46 } 
P < 0.05 N.S. 
Black 0.53 ± 0.16 1.45 ± 0.48 
Enzyme activities are expressed as described in Table I. 




T he reaction mixture contained in a final volume of 3 mI lO mM Tris-
Hel buffer pH 7.5, 1.5 mM GSSG, 0.2 mM NADPH, and 100-400 ml of 
enzyme solution. The specific activity of the enzyme is expressed in 
J,Lmol of GSSG reduced per min pel' g of fresh skin under the described 
conditions at 25°C. 
Glutathione Peroxidase Assay 
GP was measured according to Paglia and Valentine [16] modified 
by Tappel [17]. GP catalyzes the reduction of hydroperoxides with 
gluLathione as a reductant. The rate of GSSG fo rmation is measw'ed 
spectrophotometrically by following the decrease in absorbance at 340 
om due to the oxidation of NADPH to NADP+ using yeast GR. 
The reaction mixture contained, in a final volume of 3 ml, 100 mM 
T ris-HCI buffer pH 7.5, 0.1 mM EDTA, 0.25 mM GSH, 0.12 mM NADPH, 
a nd 1 U (1 ILmol of NADPH oxidized per min) of yeast GR. All the 
assays were ini tiated by addition of 0.7 mM t-butyl hydroperoxide. The 
specific activity is expressed ill moles of GSSG reduced per min per g 
of fl'esh skin. 
Statistical analysis of the data was performed using Student's t-test. 
D ifferences were considered significant at values less than 0 1' eq ual to 
0.05. 
RESULT S 
The light microscopy solubili ty test and electron microscopy 
o n guinea pig skin was previously described [6]. S imilar analysis 
w ith agouti mutant mouse skin indicates that t he black skin 
contains eumelanin pigments whereas yellow skin con tains 
p haeomelanin pigm en ts. 
Glu tathione-related enzyme levels in guinea pig skin al'e 
p resented in T able I, as well as the significance of the differences 
of glutathione-re lated enzym e levels in yellow and in r ed skin 
compared to black skin. It appears that, as shown in Table I , 
t h e GR levels vary with the type of pigm entation . The two 
g roups of animals sh ow a lower GR activity in black skin tha n 
i n yellow or red skin . White skin exhibits intermediate values. 
Very differen t enzym e values for black and white skin (Table 
I ) have been found in the two groups of guinea pigs studied. 
T he significance of this finding is unclear. 
Analysis of thiol compounds performed on agouti mu tan t 
mouse skin is presented in T able II. GSH represents the main 
n onprotein thiol (69% and 62%, respectively, in yellow and black 
s kin) . Analysis of cysteine levels indicates that this thiol is a 
m inor component of t he skin (less than 5% of t he GSH level) . 
GSH level is shown lower in black skin (0.72ILm ol. g- I) than in 
yellow skin (1.29 flmol . g- ' ). Table III shows that GR activity is 
l ower in black skin (0.53 flJTIol.min- lg- l) than in yellow skin 
(0.84 flmol .min- lg- ' ). The glu tathione peroxidase levels do not 
differ significantly with the type of pigmentation. 
DISCUSSION 
Our resul ts provide direct evidence for t he involvemen t of 
GR in th e l'egulation and control of th e biosyn thetic activity of 
melanocytes. 
Reduced glu I.athione Oxidized glutathione GSH/ GSSG 
l.29 ± 0.29 } 0.44 ± 0.08 } 2.9 
P < 0.05 P < 0.10 
0.72 ± 0.16 0.38 ± 0.09 1.9 
T he lowest levels of GR activities were found to be associated 
with eumela nin type pigmentation whereas the highest levels 
were fo und in the skin wit h phaeomelanin-producing melano-
cytes. T his is consistent with the view that an increase of GR 
activity in the environment of melanocytes may stimulate the 
pigm ent cells to produce phaeomelanin pigment instead of 
eumelanin. 
As pointed by Pl'ota and Searle [18], an increased GR activity 
resulting in a h igh GSH level probably favol's the formation of 
glu tathione dopa as well as of the corresponding cysteinyl dopa 
involved in the biosynth esis of phaeomelanins. Indeed, gluta-
thione dopa has been found in melanin-producing cells [19]. 
More recently Fehling et al [20] have demonstrated 5-S gluta-
thione dopa in the chol'oid and the retinal pigment epithelium 
of bovine eyes and in albino rat skin after injection of dopa. 
Two differen t m odels were used for this study, and similar 
results were obtained with each . Although regarded a an 
excellen t a nimal for comparative studies on eu- and phaeome-
lanogenesis, th e tortoiseshell guinea pig does not represent a 
well-defined genetic model for coat pigmentation . On the other 
hand, the genotype for coat color of the mice used in this study 
is precisely characterized. It is interesting to note that more 
clear-cut differences in t he GR activit ies between phaeomelanic 
and eumelanic skin were observed in th is second model. 
It seems established t hat the genes at t he agouti locus pro-
duce th eir effect by altering the folliculaJ' milieu (i.e. , outside 
t he melanocyte) [21]. Alth ough a bundant information has been 
collected, the primary action of this locus has yet to be reported. 
However, t he role of sulf11ydryls in t he expression of agouti 
locus alleles h as been discussed for a long time [22] and OW" 
r esults add furt her support to this hypoth esis. 
Prota and Searle [18] suggested that the bioch emical mes-
sages favoring the formation of phaeom elanins via cystenyl-
dopa and glutathione-dopa come from outside the melanocyte. 
In the light of our results, it may be suggested that GR is 
involved in the genesis of th ese "biochem ical messages." How-
ever , that GR activi ty is under the con trol of the agou ti locus 
in th e mouse remains to be establish ed and is only conjectural. 
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We have received a rather disappointing response to our September appeal for new reviewers. The 
Editorial Board feels it is important to have a broader representation of the scientific community to 
evaluate the increasing numbers of contributed manuscripts. I would appreciate receiving a curriculum 
vitae from all interested persons. 
Howard P. Baden, Editor 
The Dystrophic Epidermolysis Bullosa Research Association of America, Inc. is accepting applications 
for a two-year postdoctoral research fellowship in epidermolysis bullosa to be awarded competitively for 
the academic year beginning July 1, 1983. The grant of $18,000 per year will be awarded to a young 
individual of promise whose area of research-whether basic science of clinical research-may lead to a 
better understanding of one or more of the forms of epidermolysis bullosa. Application forms are available 
from: D.E.B.R.A., 2936 Avenue W, Brooklyn, New York 11229. 
The Fifth UCLA Annual R eview of Dermatology will take pLace on Saturday, February 26, 1983, in 
Los Angeles, California. This course will present a few of the more important and clinically significant 
recent developments in dermatology. For further information, contact Arnold W. Gurevitch, M.D. , 1000 
w,. Carson St., Torrance, California 90509 or (213)533-2465. 
The Universi of California, San Francisco will hold a Dermatology Consultant's Course March 6-8, 
1983, at Yosemite, California. For information . call 415/666-5808. 
A postgraduate course "Injectable Collagen Implant-Applications and Techniques," sponsored by 
Stanford University, will be held February 26 to March 1, 1983 at Hotel Camino Real, Cancun, Mexico. 
For fur ther information and application brochme, contact: Paul H. Jacobs, M.D., Department o(1f 
Dermatology, Stanford University School of Medicine, Stanford, California 94305; telephone-(415)497-
/ 6101. 
The International Conference on Psoriasis Care will be held in Gothenburg, Sweden on August 28- 31, 
1983. For information: PSO-CARE, Department of Dermatology, University of Gothenburg, Sahlgren's 
Hospital, S-413 45 Gothenburg, Sweden. 
The field of Percutaneous Penetration of drugs, cosmetics, and potentially toxic agents will be reviewed 
in depth at a Seminar in Washington, D .C. on April 27, 1983. The thrust of the effort will focus on 
methodology, relevance of experimental methods, choice of animal models, vehicle effects, and theory. 
The meeting is sponsored jointly by the FDA and the Society of Cosmetic Chemists. 
FOl' information, please write Robert Bronaugh, Ph.D., Food and Drug Administration, HFF-164, 200 
"C" Street S.W ., Washington, D.C. 20204, or Howard Maibach, M .D., University of California Medical 
School, San Francisco, California 94143. 
The S ixth Annual Dermatopathology Workshop will be held July 28-29, 1983 at the University of 
Massachusetts Medical School, Worcester, Massachusetts. The Workshop will include the study of 100 
unknown microscopic slides of inflammatory dermatoses and skin tumors. The faculty members include 
Drs. Jag Bhawan, Wilma F. Bergfeld, and Rober t M . T aylor. For further information, contact Jag 
Bhawan, M.D . (CoUTse Director), University of Massachusetts Medical School, Worcester, Massachusetts 
01605,617/856-2412. 
